We report the result from the first search for D 0 decays to invisible final states. The analysis is performed on a data sample of 924 fb −1 collected at and near the Υ(4S) and Υ(5S) resonances with the Belle detector at the KEKB asymmetric-energy e + e − collider. The absolute branching fraction is determined using an inclusive D 0 sample, obtained by fully reconstructing the rest of the particle system including the other charmed particle. No significant signal yield is observed and an upper limit of 9.4 × 10 −5 is set on the branching fraction of D 0 to invisible final states at 90% confidence level. Recent DM searches are mainly based on the direct detection of the nuclear recoil signal due to DM interaction [5, 6] , or γ-ray, e + e − and pp production due to DM annihilation [7, 8] .
Abstract
We report the result from the first search for D 0 decays to invisible final states. The analysis is performed on a data sample of 924 fb −1 collected at and near the Υ(4S) and Υ(5S) resonances with the Belle detector at the KEKB asymmetric-energy e + e − collider. The absolute branching fraction is determined using an inclusive D 0 sample, obtained by fully reconstructing the rest of the particle system including the other charmed particle. No significant signal yield is observed and an upper limit of 9.4 × 10 −5 is set on the branching fraction of D 0 to invisible final states at 90% confidence level. In the Standard Model (SM), heavy (D or B) meson decay to νν is helicity suppressed [1] with an expected branching fraction of B(D 0 → νν) = 1.1 × 10 −30 [2] , which is beyond the reach of current collider experiments. The branching fraction may be enhanced by non-SM mechanisms such as the decay of D and B mesons to dark matter (DM) final states with and without an additional light meson in the final states, as estimated in Ref. [1] . With several DM candidates [3, 4] , the branching fraction of D 0 to invisible final states could be enhanced to O(10 −15 ).
Recent DM searches are mainly based on the direct detection of the nuclear recoil signal due to DM interaction [5, 6] , or γ-ray, e + e − and pp production due to DM annihilation [7, 8] .
At an e + e − "flavor factory," in which two heavy-flavor particles are produced in flavorconjugate states, the indirect detection of DM candidates is performed as follows. One of the D or B mesons is fully reconstructed, and then energy-momentum conservation is used to search for the decay of the other D or B meson into an invisible final state.
In Belle, a few hundred million D mesons are produced in e + e − → cc continuum events.
We use the charm tagger method to select an inclusive D 0 sample, which permits the identification of D 0 decays involving invisible particles [9] [10] [11] [12] : the process e + e − → cc → We use the data sample of 924 fb −1 collected at or near the Υ(4S) and Υ(5S) resonances with the Belle detector [15] at the KEKB asymmetric-energy e + e − collider [16] . The Belle detector is a large-solid-angle magnetic spectrometer that consists of a silicon vertex detector (SVD), a 50-layer central drift chamber (CDC), an array of aerogel threshold Cherenkov counters (ACC), a barrel-like arrangement of time-of-flight scintillation counters (TOF) and an electromagnetic calorimeter (ECL) composed of CsI(Tl) crystals located inside a superconducting solenoid that provides a 1.5 T magnetic field. An iron flux-return yoke located outside the solenoid is instrumented to detect K 0 L mesons and to identify muons. This analysis uses the data sets with two different inner-detector configurations. About 156 fb −1 were collected with a beam pipe of radius 2 cm and with three layers of SVD, while the rest of the data set was collected with a beam pipe of radius 1.5 cm and four layers of SVD [17] . Large Monte Carlo (MC) samples for signal and several backgrounds are generated with EvtGen [18] and simulated with GEANT3 [19] with the configurations of the Belle detector. These samples are used to obtain expected distributions of various physical quantities for signal and background, to optimize the selection criteria, and to determine the signal selection efficiency. Table I ; these requirements were optimized in Ref. [11] . The D tag candidates are required to have an invariant mass within ±3σ of the nominal mass [20] (where σ is the resolution of measurement) and be successfully fit to a common vertex with a mass constraint.
The D * tag candidates are reconstructed via five decay modes:
reconstructions is required to have an energy greater than 0.12 GeV and is paired with all other photons in the event to ensure that it is not from a π 0 decay: if M γγ is within ±10
MeV/c 2 of the nominal π 0 mass and the energy asymmetry ( 
The inclusive D 0 yield is extracted from a one-dimensional extended unbinned maximum likelihood fit, with the likelihood defined as
where N is the total number of candidates, N j is the number of events in component j, M
is the M D 0 value of the ith candidate, and P j represents the corresponding one-dimensional probability density function (PDF). There are two components in the fit: inclusive D 0 signal, modeled with a combination of two Gaussian functions and a bifurcated Gaussian function with common means, and the background, modeled with an ARGUS function [21] . The free parameters in the fit are the yields of the two components and all the shape parameters except for the end-point of the ARGUS function, which is fixed by MC simulation. The fit is shown in Fig. 2 , and we obtain 694667 
where P j represents the corresponding two-dimensional PDF, and E The branching fraction is calculated using
where N sig , N incl. Since the observed yield for D 0 → invisible is not significant, we calculate a 90% confidence level Bayesian upper limit on the branching fraction (B UL ) [22] . The upper limit is obtained by integrating the likelihood function:
where L(B) denotes the likelihood value. The systematic uncertainties are taken into account by replacing L(B) with a smeared likelihood function:
where ∆B is the total systematic uncertainty on B . We thus determine the upper limit on the branching fraction of D 0 → invisible to be 9.4 × 10 −5 at the 90% confidence level. We thank the KEKB group for the excellent operation of the accelerator; the KEK cryogenics group for the efficient operation of the solenoid; the KEK computer group, the Na- 
